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(54) Frequency downconverter for orthogonally polarised waves

(57) In a low noise block downconverter converting
a right-hand (or horizontally) polarized wave signal and
a left-hand (or vertically) polarized wave signal to inter-
mediate frequency signals, one of two filters for removal
of interference waves from the intermediate frequency
signals on the right-hand (or horizontally) polarized
wave side and on the left-hand (or vertically) polarized
wave side is formed of a plurality of stages of parallel
resonant trap circuits having capacitors (C1-C3) and in-

ductors (L1-L3) connected in parallel, respectively,
which exhibit attenuation characteristic that is wideband
and steep and allows great attenuation in the reject
band. Thus, it is possible to provide a low noise block
downconverter employing an LPF that achieves atten-
uation characteristic being wideband and steep and al-
lowing great attenuation in the reject band with the least
possible number of inductor components that would oth-
erwise increase the cost.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to low noise
block downconverters, and more particularly to a low
noise block downconverter in a satellite receiver receiv-
ing satellite broadcasting.

Description of the Background Art

[0002] Fig. 7 is a block diagram showing a configura-
tion of a conventional satellite broadcasting receiving
system. Referring to Fig. 7, a high-frequency signal in
the 12 GHz band (11.45-11.70 GHz) arriving from a
broadcasting satellite 100 is received by an antenna
101. Antenna 101 is provided with a low noise block
downconverter (hereinafter, referred to as "LNB") 102.
The weak high-frequency signal of the 12 GHz band
from broadcasting satellite 100 is frequency-converted
to an intermediate frequency (IF) signal of 1 GHz band
and low-noise amplified by LNB 102. The resultant low-
noise signal of a sufficient level is supplied to a digital
broadcasting satellite (DBS) tuner 104 connected as a
next stage. DBS tuner 104 processes the signal applied
via a coaxial cable 103 in its internal circuit, and supplies
the processed signal to a television receiver 105.
[0003] Fig. 8 is a block diagram of LNB 102 shown in
Fig. 7. Referring to Fig. 8, the incoming signal in the 12
GHz band is received by an antenna probe 112 within a
waveguide 111, and low-noise amplified by a low noise
amplifier (LNA) 113. It is then passed through a band
pass filter (BPF) 114, which allows a desired frequency
band to pass and removes a signal in the image frequen-
cy band. Thereafter, the resultant signal is mixed by a
mixer circuit 115 with a local oscillation signal of 10 GHz
from a local oscillator circuit 116, and frequency-con-
verted to an IF signal in the 1 GHz band (1450-1700
MHz). It is then applied to an intermediate frequency (IF)
amplifier 117 to have appropriate noise and gain char-
acteristics, and is output from an output terminal 118.
LNA 113, local oscillator circuit 116, and IF amplifier 117
are provided with a power supply voltage from a power
supply circuit 119.
[0004] The incoming signal from broadcasting satel-
lite 100 has two kinds of polarized waves, i.e., H polar-
ized wave and V polarized wave (or R polarized wave
and L polarized wave). There is an LNB which frequen-
cy-converts the polarized waves separately from each
other to prevent them from overlapping in the interme-
diate frequency band, and transmits them in one signal
cable.
[0005] Fig. 9 is a block diagram showing such a band
stack LNB. Referring to Fig. 9, a V polarized wave signal
and an H polarized wave signal included in the incoming
signal are received by a V polarized wave probe 122

and an H polarized wave probe 123, respectively, in a
waveguide 121, and low-noise amplified by an LNA 124.
The resultant signals are passed through respective
BPF 125, 126, where desired frequency bands are
passed and signals in the image frequency bands are
removed. They are then applied to mixers (MIX) 127,
128, where the respective signals are mixed with local
oscillation signals of 10 GHz and 10.45 GHz from local
oscillator circuits 129 and 130, respectively, and con-
verted to IF signals of 1000-1700 MHz.
[0006] The IF signal from MIX 127 and the IF signal
from MIX 128 are passed through a high pass filter
(HPF) 131 and a low pass filter (LPF) 132, respectively,
such that they do not constitute interference compo-
nents with respect to each other, and then mixed at a
mixer circuit 133. The IF signal thus mixed is transmitted
to and amplified at an IF amplifier 134, and is output
from an output terminal 135. Power supply circuit 136
supplies power supply voltages to respective circuits.
[0007] It is now focused on LPF 132 in band stack
LNB shown in Fig. 9. Since this LPF 132 needs to have
attenuation characteristic that is wideband and steep
and allows great attenuation in the reject band, multiple
stages of series resonant trap circuits, each having an
inductor L and a capacitor C connected in series as
shown in Fig. 10, are connected as shown in Fig. 11 and
employed.
[0008] When the series resonant trap circuits as
shown in Fig. 11 are being employed, the number of
stages must be increased in order to achieve the atten-
uation characteristic being wideband and steep and al-
lowing great attenuation in the reject band, and inductor
components La, Lb must be provided between the ad-
jacent stages. Inductor component La, Lb would require
an area when formed with a substrate pattern. It would
increase the cost when a chip component is used.

SUMMARY OF THE INVENTION

[0009] Based on the foregoing, a main object of the
present invention is to provide a low noise block down-
converter employing a low pass filter that achieves at-
tenuation characteristic being wideband and steep and
allowing great attenuation in the reject band with the
least possible number of inductor components that
would otherwise increase the cost.
[0010] The present invention is a low noise block
downconverter which converts a received right-hand (or
horizontally) polarized wave signal and a received left-
hand (or vertically) polarized wave signal to intermedi-
ate frequency signals. It includes: a first circuit which
outputs the received right-hand (or horizontally) polar-
ized wave signal; a second circuit which outputs the re-
ceived left-hand (or vertically) polarized wave signal; a
first local oscillator circuit which outputs a first local os-
cillation signal; a second local oscillator circuit which
outputs a second local oscillation signal; a first mixer
circuit which mixes the right-hand (or horizontally) po-
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larized wave signal output from the first circuit and the
first local oscillation signal from the first local oscillator
circuit to output the intermediate frequency signal; a
second mixer circuit which mixes the left-hand (or ver-
tically) polarized wave signal output from the second cir-
cuit and the second local oscillation signal from the sec-
ond local oscillator circuit to output the intermediate fre-
quency signal; a first filter for removing interference
waves from the output of the first mixer circuit; and a
second filter for removing interference waves from the
output of the second mixer circuit. One of the first and
second filters includes a plurality of stages of parallel
resonant trap circuits.
[0011] As such, according to the present invention,
one of the two filters for removing interference waves
from the intermediate frequency signal on the right-hand
(or horizontally) polarized wave side and the intermedi-
ate frequency signal on the left-hand (or vertically) po-
larized wave side is formed of a plurality of stages of
parallel resonant trap circuits, which exhibit attenuation
characteristic that is wideband and steep and allows
great attenuation in the reject band. Accordingly, it is
possible to reduce the number of inductance compo-
nents that would otherwise increase the cost.
[0012] The foregoing and other objects, features, as-
pects and advantages of the present invention will be-
come more apparent from the following detailed de-
scription of the present invention when taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1 shows, by way of example, transmission
frequency bands of a band stack LNB to which the
present invention is applied.
[0014] Fig. 2 shows an LPF for use in an embodiment
of the present invention.
[0015] Fig. 3 shows a parallel resonant trap circuit as
a component of the LPF in Fig. 2.
[0016] Fig. 4 shows characteristics of the LPF shown
in Fig. 2.
[0017] Fig. 5 shows an LPF according to another em-
bodiment of the present invention.
[0018] Fig. 6 shows an LPF according to a further em-
bodiment of the present invention.
[0019] Fig. 7 is a block diagram showing a configura-
tion of a conventional satellite broadcasting receiving
system.
[0020] Fig. 8 is a block diagram of the low noise block
downconverter shown in Fig. 7.
[0021] Fig. 9 is a block diagram of a band stack LNB.
[0022] Fig. 10 shows a series resonant trap circuit.
[0023] Fig. 11 shows an LPF formed of a plurality of
stages of series resonant trap circuits.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] Fig. 1 shows by way of example the transmis-
sion frequency bands of a band stack LNB to which the
present invention is applied. In the band stack LNB
shown in Fig. 9, the signal of 11.45-11.70 GHz arriving
from the satellite has the H polarized wave and the V
polarized wave, which are mixed with local oscillation
signals of 10.45 GHz and 10 GHz, respectively, by MIX.
The H polarized wave and the V polarized wave are thus
converted to 1000-1250 MHz and 1450-1700 MHz, re-
spectively.
[0025] To transmit these signals in one cable, as de-
scribed above, the interference components are re-
moved by HPF and LPF, respectively, before mixing
thereof. LPF in this case is inserted into a signal line on
the H polarized wave side. The LPF is required to realize
very steep attenuation, since the difference between the
pass band and the reject band is only 200 MHz.
[0026] Fig. 2 shows an LPF used in an embodiment
of the present invention, and Fig. 3 shows a parallel res-
onant trap circuit as a component of the LPF in Fig. 2.
[0027] Referring to Fig. 2, LPF includes three stages
of parallel resonant trap circuits connected in series,
each parallel resonant trap circuit having a capacitor
and an inductor connected in parallel, as shown in Fig.
3. More specifically, LPF includes capacitor C1 and in-
ductor L1, capacitor C2 and inductor L2, and capacitor
C3 and inductor L3 respectively connected in parallel
with each other, which are then connected in series. An
inductor component is unprovided between the neigh-
boring parallel resonant trap circuits C1/L1, C2/L2 and
C3/L3. Capacitors C4, C5, C6 and C7 are connected
between input/output nodes of the respective parallel
resonant trap circuits and a ground.
[0028] Fig. 4 shows the characteristics of the LPF
shown in Fig. 2. As shown in Fig. 4, the attenuation in
the reject band of 1450-1700 MHz corresponding to the
V polarized wave band is approximately 30 dB, so that
desired attenuation characteristic was obtained.
[0029] In addition, the number of inductor compo-
nents was reduced by 2 compared to the LPF employing
the series resonant trap circuits as shown in Fig. 11. In
Fig. 2, seven capacitors C1-C7 are necessary. Although
it means that the number of capacitors is increased by
4 compared to the LPF in Fig. 11, the capacitor is more
compact and less expensive than the inductor, so that
the substrate area can be lessened and the cost can be
reduced.
[0030] As such, when N trap circuits are being em-
ployed, N-1 inductor components that would otherwise
be provided therebetween can be eliminated.
[0031] Fig. 5 shows an LPF according to another em-
bodiment of the present invention. Compared to the em-
bodiment shown in Fig. 2 where three stages of parallel
resonant trap circuits have been employed, in the em-
bodiment shown in Fig. 5, capacitors C1, C2 ... Cn and
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inductors L1, L2 ... Ln are connected in parallel, respec-
tively, to increase the number of stages to n stages, and
capacitors C11, C12 ... C1n-1, C1n are connected be-
tween input/output nodes of the respective parallel res-
onant trap circuits and a ground. Accordingly, the atten-
uation becomes even steeper.
[0032] Fig. 6 shows an LPF according to a further em-
bodiment of the present invention. The LPF of this em-
bodiment corresponds to the LPF shown in Fig. 5 addi-
tionally provided with m series resonant trap circuits
each having an inductor L and a capacitor C connected
in series. The m series resonant trap circuits are respec-
tively connected in parallel with the m capacitors among
the n capacitors C11-C1n. In this case, although the
number of inductor components cannot be reduced,
even steeper attenuation becomes possible and the at-
tenuation in the reject band increases.
[0033] LPF 132 has been inserted into the H polarized
wave side in LNB shown in Fig. 9. Alternatively, the in-
termediate frequency on the V polarized wave side may
be set lower than that of the H polarized wave side and
the LPF may be inserted into the V polarized wave side.
[0034] Although the present invention has been de-
scribed and illustrated in detail, it is clearly understood
that the same is by way of illustration and example only
and is not to be taken by way of limitation, the spirit and
scope of the present invention being limited only by the
terms of the appended claims.

Claims

1. A low noise block downconverter converting a re-
ceived right-hand (or horizontally) polarized wave
signal and a received left-hand (or vertically) polar-
ized wave signal to intermediate frequency signals,
comprising:

a first circuit (124, 126) outputting said received
right-hand (or horizontally) polarized wave sig-
nal;
a second circuit (124, 125) outputting said re-
ceived left-hand (or vertically) polarized wave
signal;
a first local oscillator circuit (130) outputting a
first local oscillation signal;
a second local oscillator circuit (129) outputting
a second local oscillation signal;
a first mixer circuit (128) mixing the right-hand
(or horizontally) polarized wave signal output
from said first circuit (124, 126) and the first lo-
cal oscillation signal from said first local oscil-
lator circuit (130) to output the intermediate fre-
quency signal;
a second mixer circuit (127) mixing the left-
hand (or vertically) polarized wave signal out-
put from said second circuit (124, 125) and the
second local oscillation signal from said second

local oscillator circuit (129) to output the inter-
mediate frequency signal;
a first filter (132) for removing interference
waves from the output of said first mixer circuit
(128); and
a second filter (131) for removing interference
waves from the output of said second mixer cir-
cuit (127);
one of said first and second filters (132, 131)
including a plurality of stages of parallel reso-
nant trap circuits (Cn, Ln).

2. The low noise block downconverter according to
claim 1, wherein the one of said first and second
filters (132, 131) is a low pass filter including said
parallel resonant trap circuit (Cn, Ln) and a series
resonant trap circuit (C, L).

3. The low noise block downconverter according to
claim 1, wherein the one of said first and second
filters (132, 131) is formed of three stages of parallel
resonant trap circuits (C1-C3, L1-L3) connected in
series.
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